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Abstract 
In our daily life, the safety plays a vital role to safeguard many important things, which include money, gold, documents, etc. The 
most common form of security is the age old lock and key system. The diversity that exists in the world today among peoples 
professions raises the need for multiple duplicate keys. 3D printing, a rapidly growing innovative methodology of Additive 
Manufacturing Technology, allows the mass production of required profiles in a fast and cost-effective manner. MakerBot 
Replicator 2X Experimental 3D printer uses the Fused Deposition Melting (FDM) method to produce components with 
Acrylonitrile Butadiene Styrene (ABS) material. This paper presents an innovative methodology to create an accurate duplicate 
of a key. This methodology can be extended to print any component.   
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1. Introduction 
3D printing or Additive manufacturing is a  process for making  three- dimensional objects of almost any shape 
from a 3D model or electronic data source primarily through additive processes in which successive layers of 
material are laid down under the computer control. A 3D model (STL format) of the required object is essential for 
these processes.It must first be processed by a piece of software called “Slicer” which converts the model into a         
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series of thin layers and produces a G-Code file containing instructions tailored to a specific printer. The 3D printer 
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allows the G-Code instructions to lay down successive layers of loaded raw material to build the model from a series 
of cross sections. These layers, which correspond to the virtual cross sections of the CAD model, are automatically 
fused to create the final shape.The primary advantage of this technique is its ability to create almost any shape or 
geometric feature. 
3D printing technology can be broadly divided  into four non- proprietary methods-Stereolithography (SLA), 
Selective Laser Sintering (SLS), Fused Deposition Melting (FDM), and Direct Laser Deposition (DLD)-and four 
other proprietary methods-three Dimensional Printing (3DP), Polyjet Matrix Printing, Electronic Beam Melting 
(EBM), and Laminated Object Manufacturing (LOM). Fused Deposition Melting (FDM) technique is used in this 
work. 
FDM was developed in late ‘80s and commercialized by STRATASYS in the early ‘90s. A material, usually a 
thermo- or duro-plastic, is heated and extruded through a small nozzle moved accurately through the X, Y and Z 
axes. The material is deposited as layer by layer on the print bed. As one layer cools, it forms the basis for the next 
layer.    For some plastics notably ABS (Acrylonitrile Butadiene Styrene) the coefficient of thermal expansion 
is  such that the print bed is heated or enclosed to ensure rapid cooling to room temperature does not reduce 
adhesion of the part to the print bed or cause part delaminating (de-bonding of concurrently printed layers due to 
shrinking). Resolution is limited by the nozzle’s orifice diameter, which is typically 0.1- 0.5mm, but can be much 
smaller depending on the viscosity of the material being printed. The principle of FDM is shown in Fig.1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                               
 
 
                                                   Fig 1. Fused Deposition Modeling  
Source: picshark.com  
 
2. Literature Review 
 
Most of the previous research on 3D printing describes the process. The fundamental idea varies little from one 
source to another. Most of the researchers agree that 3D printing consists of downloading a blueprint or a special 
computer file to a printer capable of 'printing' sophisticated three-dimensional objects through an additive process 
that 'prints' layers of material.  
 
Wiegler (2008) quotes a few researchers who feel that the term ‘3D printing’ should be reserved for the 
particular 3D printing technique created by Zcorp, the company credited with economic 3D printing technique. 
Others believe that the term '3D printing' should be used generically, to include all types of Additive manufacturing, 
because it is easily understandable by the general public. The author reveals that most of the relevant material on 3D 
printing has been published within the last six years including many sources less than two years old. As a 
technology, however, 3D printing has been around for some time, and commercial printers “have existed for years”. 
 
Bradshaw et al. (2010) distinguish three fundamental methods for fabricating objects: 1. Cutting the object out 
of a block of material; 2. Creating a mold and then filling it to create the object; 3. Adding shapes together in order 
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to make an object. The technology of 3D printing falls into 3rdcategory, in which objects with moving parts can be        
created. There is however, considerable diversity in actual 3D printing production. confirm that the first patent was  
deposited in 1977. One reason for the recent nature of most of the literature is that prices for 3D printers have 
dropped sufficiently that individuals can now afford to purchase their own equipment... This has encouraged greater 
interest in the possibilities of the technology. 
 
Inacu et al. (2010) believe that STL “is, and for the foreseeable future, will be the standard mode of data 
exchange in the Rapid Prototyping industry.” Software used to create printable 3D files includes modeling software; 
file converters, model 'repair' software to clean-up files, and path generating software. 
 
Ingole et al. (2008) make relevant observations about the need for more formalized standards for 3D printing 
and discuss some of the difficulties associated with the proprietary standards associated with commercial machines. 
Certain components of the proposed classification scheme, such as the use of single digits to code subjects, would 
have benefited from input by information professionals. 
 
The second engineering article, by Mortara et al.(2009) demonstrates an awareness of such important 
classification concepts as faceted classification, but the proposed classification scheme is clearly aimed at engineers, 
and would not be easy to use for publicly accessible repositories. 
 
Knapp et al. (2008) explain that commercial models “are expensive”, and given the example of “an anatomical 
model of the heart” which can “cost up to $600.” A 3D printer can be purchased for under $1,000 and materials for 
“even the largest model would likely cost under $50”.The range in the types of files that currently exist include PLY 
files, ObjDF files, RP files, STL files VRML files and ZPR files. 
 
3. Methodology 
In our daily life, the safety plays a vital role to safeguard many important things, which include money, gold, 
documents, etc. The most common form of security is the age old lock and key system. The diversity that exists in 
the world today among peoples professions raises the need for multiple duplicate keys. A key is selected for 3D 
printing (Fig. 2). The key is reverse engineered. A Profile Projector is used to take the dimensions of the key. 
 
 
                                             
 
                                                                            Fig . 2. Selected Key 
 
3.1 Measuring Instrument used  
Profile Projector 
     A Profile Projector is an optical measurement tool that magnifies a sample’s surface features to allow 
measurement on a linear / circular scale. A profile projector projects a magnified profile image of an area or feature 
of a work piece onto a screen most commonly using diascopic illumination. Dimensions can be measured directly on 
the screen or compared to a standard reference at the correct magnification. The Instrument has 0.01mm least Count 
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with 10X magnification. All the dimensions of the key are taken at 10X magnification and a 2D drawing is 
developed, shown in Fig.3a & 3b. 
3.2 Software used 
     CATIA V5 SOFTWARE is used to model the component. CATIA is universal software used in various 
industries, including aerospace, construction, machinery and electronics. One of the most remarkable features of 
CATIA V5 is the diversity of workbenches in the mechanical design section, making the design parts 
distinguishable. The CAD model of the key is shown in Fig.4. 
 
3.3 STL File Format for 3D Printing 
      STL (Stereolithography) is a file format native to the Stereolithography CAD software created by 3D systems. 
This file format is supported by many other software packages; it is widely used for Rapid Prototyping and 
Computer Aided Manufacturing. 
 
3.4 Machine Used 
 
 Makerbot Replicator 2X Desktop 3D printer (Fig.5) is used for printing the key. The specifications are:  
 
              Print Technology  : Fused Filament Fabrication 
              Build Volume  : 24.6cm Width X 16.3 cm Length X 15.5 cm Height 
              Layer Height Settings : High 100 Microns 
                                           Medium 200 Microns 
                                               Low 300 Microns 
              Positioning Precision : XY: 11 microns 
                                           Z: 2.5 microns 
              Filament   : ABS Plastic 
              Filament Diameter : 1.75mm 
              Nozzle Diameter  : 0.4mm 
              Software                : Makerware 
              File Types  : STL, OBJ, Thing 
              Supports   : Windows [7+], Ubuntu [11.10+], Mac OS X [10.6+] 
              Stepper Motors  : 1.8° Step Angle with 1/16 micro stepping 
              Weight   : 12.6 Kg 
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Fig 3.(a)  Drafted Key Model ; (b) Profile Projector 
 
 
 
            
 
                            Fig.  4. Key Model in Catia Software              Fig. 5. Makerbot Replicator 2X 
 
 
 
 
 
 
4. Manufacturing Procedure 
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4.1 Create Build File 
             The CAD File is opened in STL Format. Makerware software sections the design into layers and creates the 
tool paths for the part and outputs a build file, which defines the precise motion control paths. 
 
4.2 Preparing Machine 
           The 3D printer heats the build chamber and brings the plastic liquefier up to the operating temperatures. The 
operating temperatures of build chamber and nozzle are set at 110o C and 230o C.  
 
4.3 Build Part 
           The Z Stage platform raises to its starting position, just a few thousands of an inch (or tenths of a millimeter) 
from the material extrusion nozzle that protrude from the liquefier. The extrusion head, which moves about an XY 
Platform, lays down a ribbon of material. After completion of each layer, the Z stage build platform lowers slightly 
to make way for the next layer. This process is continued till the entire part is built.  
 
The printing process,  printed key and its assembly are shown in Fig. 6 (a), 6(b) and 6 (c). 
 
 
             
 
Fig. 6. (a) Key Print on Processing; (b) Printed Key; (c) Key inserted in the lock 
 
4.4   Verification  
     The dimensions of the original and printed key are compared (Table 1). It was observed that, the dimensions 
of the printed key are close to the drawing dimensions of original key. 
 
                          Table 1: Comparison in dimensions of the key 
 
Feature Dimension  of  
original key 
(mm) 
Dimension of  
3D print key 
(mm) 
Deviation 
(mm) 
Slot 1 3 2.99 0.01 
Slot 2 3.6 3.62 0.02 
Slot 3 2.4 2.4 Nil 
Slot 4 2 2 Nil 
Slot 5 5.3 5.31 0.01 
Slot 6 2.2 2.2 Nil 
Key 
Width 
6 6 Nil 
 
 
5. Conclusions  
 The key is printed using 3D printer with ABS plastic material. The dimensional accuracy of the printed key 
is excellent. 
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